When the leaves of a deciduous tree undergo autumnal senescence, they lose approximately 50% of their nitrogen and over 50% of their protein (8, 13) . The loss of protein-nitrogen is associated with the export of amino acid-nitrogen out of the leaves into overwintering storage sites in the wood, bark, and roots of the tree (7, 15) .
The amino acid arginine is an important storage form of nitrogen (4, [15] [16] [17] . During the time that leaves are exporting amino acids, arginine increases greatly in the xylem sap and in the shoot's woody tissues (15, 16) . In the spring, argininenitrogen accounts for more than 70% of the soluble nitrogen in the wood of an apple tree (7) and constitutes a large percentage of protein-nitrogen as well as soluble nitrogen in the bark tissues (17) . The spring increase in soluble, free arginine in bark tissue is greater than can be attributed to the release of arginine from protein, suggesting that arginine is synthesized in bark tissue in the spring (17) . Recent work has shown that apple-stem tissue has the ability to interconvert ornithinecitrulline-arginine at any time in the year but with a greater rate in the spring (5).
The main pathway for arginine biosynthesis is the urea or Krebs-Henseleit cycle (6, 10) . Distribution of "4C among the main components of this cycle has been demonstrated in apple stem tissue (5) . The first step in this pathway is the reaction between ornithine and carbamyl-phosphate to form citrulline. This reaction is catalyzed by the enzyme ornithine carbamoyltransferase (EC 2. 1 .3 .3), which has been studied in bacterial (9, 18) , animal (10) , and plant (14) 
MATERIALS AND METHODS
Mid-shoot leaves from 12 three-year-old Golden Delicious apple trees (Pyrus malus L.) were collected as described before (13) .
Enzyme Isolation. One hundred leaf discs (diameter, 1.5 cm) or two sets of 100 leaf discs each were punched from freshly collected leaf samples and homogenized in buffer: 0.1 M tris-50 mm sucrose-6 mm ascorbic acid-6 mm cysteine HCI, pH 8 .0. The extraction and subsequent steps were performed at 0 to 4 C. The homogenate was filtered through Miracloth and centrifuged at 1 0,OOOg for 20 min. Protein in the supernatant was precipitated with 75% saturation ammonium sulfate, collected by centrifugation, and redissolved in extraction buffer (12) . The protein solution was dialyzed for 16 to 18 hr against two changes of 0.1 M tris-6 mm ascorbic acid, pH 8.0, and was used immediately for enzyme assays.
Assay for OCTase Activity. The assay method used was a modification of established techniques (3, 9) . Routinely, the assay mixture contained: 10 ,umoles of L-ORN, 10 ,moles of C-P (stock solution prepared fresh just before use), 30 ,moles of 0.5 M tris buffer, pH 8.6, and less than 0.1 mg of enzyme protein in a volume of one ml. The assay was initiated by addition of C-P after the remaining components had equilibrated at 37 C. After 15 or 30 min, the reaction was terminated by the addition of 2.5 ml of 15% HClO4. A zero-time blank containing all the assay components was run with each assay. A 1-ml aliquot from each assay including the zero-time blank was used for CIT determination according to the method of Archibald (1) as modified by Grisolia (3) . The absorbance of each solution was determined at 490 nm. A standard curve was prepared weekly using CIT. Enzyme activity (after correction for the zero-time blank) is reported as ,umoles of CIT produced/hr-mg of protein (specific activity) and ,tmoles of CIT produced/hr-10 cm2 of leaf area (total activity). Since dry weight, fresh weight, and total leaf protein vary greatly during apple leaf growth and senescence, a unit area (10 cm2) of leaf tissue is used as the basis for comparison of enzyme activity at different leaf ages (13) .
Enzyme Purification. The duplicate enzyme preparation from one sampling data (Oct 23) was taken through a two-step purification. In step I. the enzyme solution was heated to 60 C for 5 min (9). Precipitated protein was removed by centrifugation and discarded. In step II, the heat-treated enzyme preparation was passed over a column of Sephadex G25 at 4 C. This step removed some protein and most of the yellow-green pigments in the enzyme solution. The protein effluent from the column was concentrated with Lyphogel at 4 C.
Kinetic Studies and pH Curves. The partially purified enzyme preparation was used to determine binding constants for ORN and C-P. pH curves were determined for both the purified enzyme preparation and two other crude enzyme preparations. In determining the pH curves, the pH of each assay mixture was checked after the addition of all components. In general, tris buffers of varying pH were used, but phosphate buffers were also used with no significant differences.
Protein Determination. A 5-to 10-ml portion of the enzyme solution was precipitated with 15% trichloroacetic acid and centrifuged. The precipitated protein was redissolved in 0.5 N KOH overnight at 37 C, after which protein was determined by biuret (2) . (Pigments in the crude enzyme solution interferred with a direct protein determination using biuret.) For late season samples, the KOH solutions containing redissolved protein had to be passed first over columns of Sephadex G25 to remove oxidized phenolics and then analyzed for protein by biuret.
RESULTS
All apple-leaf tissue from early July to November possessed OCTase activity (Table I) . From early July to early October, the total activity of OCTase was relatively constant at 4.1 jzmoles of CIT produced/hr 10 cm2. The specific activity increased by about 3-fold during the same time; total protein, however, declined by about 60%.
In mid-October, the total and specific activities of OCTase rose sharply. The specific activity doubled although protein declined by only 10%. In the last sample, taken after the first frost of the year, OCTase activity had dropped to 12% of its former level. 1), one at pH 8.6 and the other at pH 7.8. Both the crude and the partially purified enzyme preparations showed this double peak of activity. Table II shows the activity of the purified enzyme preparation. When the crude enzyme preparation of Oct 23 was heat treated (step I), 32% of the protein was removed. The specific activity of OCTase increased from 2.8 to 4.9 ,umoles of CIT produced/hr. The total activity also increased, which may indicate the removal of some inhibitor. When the heat-treated Step I 0.63 32 4.9 4.6 8.5 8.1
Step II 1.00 27 3. Figure 2 , Km and Vma,.
values for L-ornithine and carbamyl-phosphate were determined. The assay mixture contained varying amounts of ORN or C-P as needed in a final volume of 1 ml. When one substrate concentration was varied, 10 ,umoles of the other were used. (5, 7) . Presumably, the ornithine synthesized by OCTase is immediately used for the synthesis of arginine (5, 6 (9, 10) , although the enzyme from Staphylococcus aureus has a reported pH optimum of 7.3 (14) .
The apple leaf enzyme seems to have binding constants very similar to those reported for the enzyme in other systems (9, 14) . At both pH optima, the enzyme(s) is better able to bind C-P than ORN. In this respect, this enzyme is similar to the one found in bacterial systems (9) , but differs from the one found in the bean plant (14) . The pH 8.6 enzyme has slightly higher affinities for ORN and C-P than does the pH 7.8 enzyme.
In an earlier paper (13), we reported that amino acids do not accumulate in apple-leaf tissue to any extent until after the first heavy frost of the autumn. This accumulation was not due to a blockade of the transport system since the leaves continued to lose nitrogen. We suggested that the accumulation of amino acids was due to the inactivation of some enzymes involved in amino acid interconversions such that the synthesis of the major translocatory forms of amino acids was prevented (11) . The considerable loss of OCTase activity after a frost (which occurred the night of Oct 31, 1973) may support this suggestion. Since arginine seems to be a major translocatory form, the inactivation of enzymes needed for its synthesis would limit or halt its production and reduce the removal of nitrogen from the leaf. In addition, since other amino acids are catabolized to furnish the skeletons for arginine synthesis, the reduction or cessation of arginine synthesis could lead to a build-up of other amino acids.
